Effects of monocular deprivation on the spatial pattern of visually induced expression of c-Fos protein.
We studied the pattern of expression of a protein product (c-Fos) of immediate-early gene (IEG) in the visual cortex of rats and mice. The basal expression of c-Fos was very low and visual exposure revealed a large number of c-Fos immunopositive cells in the visual cortex. We found that monocular deprivation during the sensitive period of ocular dominance (OD) plasticity significantly changed both the amount and pattern of c-Fos expression upon monocular stimulation of either eye. The number of immunopositive cells in layer IV of binocular subfields of the primary visual cortex (Oc1B) ipsilateral to the stimulated eye was found to be the most sensitive index of the effects of monocular deprivation during the sensitive period, that is, opened eye stimulation induced significantly larger numbers of c-Fos immunopositive cells, whereas closed eye stimulation induced significantly smaller numbers compared with those induced by monocular stimulation in control animals. In the lateral geniculate nucleus and superior colliculus, the pattern of expression of c-Fos following monocular stimulation was not affected by preceding monocular deprivation. Monocular deprivation imposed after the sensitive period did not affect the pattern of induction of c-Fos. Notably, in age-matched old animals that had been raised in total darkness and then experienced monocular deprivation, the distribution and numbers of c-Fos-expressing cells in visual cortex exhibited the same alterations as found in young animals during the sensitive period. These findings suggest that the present activity mapping method using c-Fos as a molecular marker is useful for examining the activity-dependent regulation of cortical plasticity, and provides an alternative method to conventional electrophysiological recording. This method is particularly powerful when applied to knockout or transgenic mice in which sampling biases in electrophysiological recording have been considered inevitable. Furthermore, these findings suggest that c-Fos is involved in OD plasticity as an IEG that transfers neuronal activity to late gene expression.